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(71) I, ROBERT F. SHAW, 135 
WiUowbrcok Drive, Portola Valley, Cali- 
fornia 94025, a citizen of the United States 
of America, do hereby declare the invention, 
for which I pray that a patent may be 
granted to me, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

The invention is concerned with a surgical 
cutting instrument having self-regulated 
radiant heating of its cutting edge and with 
a method of using it; the invention is related 
to those disdosed in the complete specifica- 
tions of my co-pending U.K. patent apphca- 
tion Nos. 7694/76, 7695/76, 7697/76, 
7698/76 and 7699/76 (Serial Nos. 1,546,623, 
1,546,624, 1,546,626, 1,546,627, 1,546,628). 

The control of bleeding during surgery 
accounts for a major portion of the total time 
involved in an operation. The bleeding that 
occurs from the plethora of small blood vessels 
that pervade all tissues whenever tissues are 
incised obscures the surgeon's vision, reduces 
his precision, and often dictates slow and ela- 
borate procedures in surgical operations. It is 
well known to heat the tissues to minimize 
bleeding from incisions, and surgical scalpels 
which are designed to elevate tissue tempera- 
tures and minimize bleeding are also well 
known. One such scalpel transmits high fre- 
quency, high energy sparks from a small elec- 
trode held in the surgeon's hand to the tissues, 
where they are converted to heat Typically, 
substantial electrical currents pass through the 
patient's body to a large electrode beneath the 
patient, which completes the electrical circuit. 
Discharge of sparks and temperamre conver- 
sion in the tissue are poorly controlled in dis- 
tribution and intensity, and erratic muscular 
contractions in the patient arc produced so that 
this apparatus cannot be used to perfomi 
precise surgery. Further, apparatus of this 
type frequentiy produce severe tissue damage 
and debris in -the fonn of charred and dead 
tissue, which materially interfere with wound 
healing. 

Another well-known surgical scaipd em- 
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ploys a blade with a resistive heating element 
which cuts the tissue and provides simul- 
taneous hemostasis. Although these resistive 
elements can be readily brougjit to a suitably 
high and constant temperature in air prior to 
contacting tissues, as soon as portions of the 
blade come in contact with tissues, they are 
rapidly cooled. During surgery, non-predict- 
able and continuously varyting portions of the 
blade contact the tissues as they are being 
cut. As the blade cook, die tissue cutting 
and hemostasis become markedly less effective 
and tissue tends to adhere to the blade. If 
additional power is applied by conventional 
means to counteraa tins cooling, this addi- 
tional power is dissipated to the iincoaled 
portions of the blade, frequentiy resulting in 
excessive temperatures which may result in 
tissue damage and blade destruction. This 
results from the fact that m certain known 
resistively heated scalpels, the heating is a 
function of the current squared times the 
resistance (VK), In conventional metallic 
blades of this type, the higher the temperature 
of any blade portion, the greater its electrical 
resistance, and consequently the greater the 
heating resulting from the power input. 

It IS generally recognized that to seal tissues 75 
and effect hemostasis it is desirable to operate 
at a temperature between 300° C. and 
1000*' C. And for reasons noted above, it is 
desirable that electrothermal hemostatic sur- 
gical cutting instruments include a mechanism 80 
by which power is selectively delivered to 
those portions of the cutting edge that are ■ 
cooled by tissue contact so that the blade 
may be maintained at a substantially uniform 
operating temperature within the desired 
optimal range. Recently, hemostatic scalpels 
^ve been described (see, for example, U.S. 

a o^-??n^^P^'^'^'^^'^"^ ^"^^ 3,768,482 and 
:j,»26,263) m which the temperaturc- 
condroUing mechanisms include resistive heat- 
ing elements disposed on the surface of the 
scalpel blade. However, such instruments re- 
quire precision in fabricating tiie dimensions 
of die heating elements to obtain the desired 
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resistances. And such resistive heating ele- 
ments may be siAjected to variations in re« 
sistance during use, as tissue juices and 
proteins become deposited upon die surface 
5 of the blade. 

The present invention provides a cutting 
instrument comprising a blade having a cut- 
tmg edge and an aperture remote from die 

fn ^5?"? introducing electromagnetic 

lU radiation mto die blad^ die blade being sub- 
st^tially transparent to the electromagnetic 
radiation baween the aperture and the cut- 
^_J^S^ electromagnetic radiation 

absort>mg means disposed solely adjacoit said 

15 cumng edge for heating the cutting edge. 

The preferred embodiment of the present 
mvention provides a surgical cutting instru- 
ment in which die cutting portion! of the 
blade IS brought to an elevated temperature 

20 by heating of the blade by Aeimal radiation. 
Kadiant energy from a source such as a high 
temperature filament or ribbon or a laser is 
opticaUy coupled to a substantiaUy transparent 
Wade an edge on which has been sharpened 

25 to fonn die cutting edge of the instrument. 
A non-radiation-transmitting intemally- 
reflectmg surface prevents loss of radiant 
caergy from widun die blade. The resultant 
scattermg of li^t by internal reflections tends 

ou to distnbute radiant energy throi^out the 
mtenor of blade, and the optical scattering 
nmy be frniher enhanced by the incorporation 
of particulate scattering elements widiin the 
blade material. 

35 Beneadi die internally-reflecting coating 
and only adjacent die cutting edge of die 
bladc,^ diere is disposed a radiation-absorbing 
matcnal which absozbs and converts die 
radiant energy to heat which is conducted 

40 ttirougji die material to die cutting edge to 
bring It to operating temperatures. The 
average temperature along the cutting edge 
may be adjusted by adjusting die power sii- 
phcd by die radiation source, for example, by 

45 adjusting die electrical signals applied dieieto 
Heatmg of those portions of the cutting 
edge rtat are cooled by tissue contact in order 
to mamtam cutting temperatures sufficiently 
constant (i.e., temperature sdf-r^lation) 

50 may be accomplished by fabricating the 
radiation absorber adjacent the cutting edge 
from a material which substantially increa^s 
m radiation absorption coefficient with 
dareasing temperature widiin die operating 

55 t«4*pexaiarc range. Since each local region 
of the material absorijs die distributed radia- 
tion m accordance widi its local absorption 
coefficient, each local region may have its 
temperature regulated independendy of die 

60 ^crating temperature of adjacent regions, 
llius, even in die presence of unpredictable 
and substantial variations in the cooling of 
the ^ranous regions of the heated edge r^t- 
ing from die edge being manipulated to cut 

55 tissues, aU regions along the lengdi of die 



cjittmg edge can be maintained within a suit- 
ably constant temperature range. Known 
theimochromic materials whidi have absorp- 
tion coefficients that vary as a function of 
^^P^^tuie may be used as the radiation- 70 
absorbmg material in the surgical instrument 
of the present invention, 

fa the accQmpan5^g drawings: 

Figure 1 is a partial side view of a sur- 
gical cutting instrument according to one 7S 
embodiment of die present invention; 

FigiTC 2 is an end view along die line 
f— 2 of die mstrument of Figure 1 showing 
the blade and the radiation source therein; 

Figure 3 is a partial side view of an alter- an 
nattye embodiment of die present invention; 

A r^f ^ ^^^^E the h'ne 

"^—4 of the mstrument of Figure 3 showing 
die optical channels tiierein for distributing 
radiauqn frcm a remote source; and 35 

Figure 5 is a partial side view of anodier 
embodiment which employs segmented thermo- 
chromic regions. 

Referring now to Figure 1, there is shown 
a partial side view of a surgical cutting QQ 
mstrument which has a blade 9 that is suit- 
ably attached to handle 11. A hi^-imensity 
Iigjit or thermal radiation source within the 
handle 11 includes a lineally-mounted incan* 
descent filament 13 that is disposed within a 95 
parabolic reflector 15 which is oriented to 
direct the radiant energy from the filament 
toward the cutting edge 17 and facets 16 
at a lower portion 18 of the blade. The 
bneally-mounted filament 13 assures adequa^ inn 
distribution of die radiant energy diereftom 
substantially over the length of the cutting 
edge 17 of blade 9. The electrical power to 
heat the filament 13 is applied thereto by 

J' ^^^^ conductors 21 ins 

and 22. A photodeteaor 30 is optically 
coupled to the interior of the blade 9 and 

^l«^caUy connected to the power source 
20 through a conventional servo-regulator 31 
m a manner which controls the average power HQ 
apphed to the filament 13 in response to 
mnount of radiant flux detected by ohoto- 
detector 30. 

Referring now to Figure 2, there is shown 
a cross section of die apparatus of Figure 1 115 
including die filament 13 and die reflector 
15 that directs radiant flux 5 substantially 
toward the facets 16 and cutting edge 17 
of the blade 9. The filament 13, pa^cboiic 
reflector 15 and radiation-transmitting win- 120 
dow 14 may be formed into a chamber which 
IS evacuated or filled widi inert gas to mini- 
fJz^'^^^^tioQ of the incandescent filament 
Ihe interior material of blade 9 should 
transmit and scatter well die radiant energy 125 
at die wavelengdis of die flux 5 from filam^t 
15 but should absorb poorly or not at all 
at diese wavelengdis. A reflective optical coat- 
mg 8 IS disposed over the parabolic reflector 
and over die internal surfaces of die blade 130 
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side waUs 6 and 7 and the facets 16 of 
blade 9, but not over the window 14 through 
which the flux ham the filament 13 is coupled 
to the blade 9. A layer 10 of radiation- 
5 absorbing, thennochromic material is disposed 
at the facets 16 of blade 9 adjacent the 
reflective coating 8 and acts as a collector of 
the radiant flux 5 from filament 13. The 
radiant flux 5 collected in layer 10 is con- 

10 verted to heat which is conducted to the 
cutting edge 17. 

Thennodiromic materials which have 
radiation absorption coefficients that vary as 
a function of temperature may be used as 

15 the radiation-absorbing material of layer 10. 
Materials which exhibit -diermodiromic pro- 
perries in selected temperature ranges include 
indium andmonid^ gallium andmonid^ and 
other semiconductors, zinc oxide, some lead 

20 salts, some organic and other inorganic 
materials. 

Only a portion of the radiation which illu- 
niinates the absorbing material of layer 10 
is absoibed. The remaining mm-absorbed 

25 portion of the radiation is transmitted throu^ 
the layer 10 and is internally reflected by 
the reflective coating 8 back through the layer 
10 (where further absorption occurs) and 
re-emerges in the substantially transparent 

30 mterior region of the blade 9 which is remote 
from the cutting edge where it follows a 
multi-reflective path. As the temperature of 
the absorbing material 10 and hence of the 
cutting edge 17 increases, absorption by the 

35 material of layer 10 decreases and the average 
radiant flux in the transparent region of the 
blade 9 increases. Conversely, as the heated 
regions of the cutting edge 17 cool upon 
contaa with tissue being cut, radiation absorp- 

40 tion by the material of layer 10 increases and 
the average radiant flux in the transparent 
region 9 of the blade 9 decreases. The photo- 
detector 30 may be coupled to the interior 
of the blade for monitoring the average radiant 

45 flux within the blade to increase or decrease 
the power supplied by the source 20 to the 
filament 13 as required. 

Absorption by layer 10 of the wavelengths 
of radiant energy produced by filament 13 

50 thus experiences increments for temperature 
decrements within the operating range of the 
cutting edge, frwn 300** C. to 1000** C It 
is this radiation absorption property of the 
material of layer 10 that provides the self- 

55 regulating means by which local regions of the 
aitting edge 17 that cool upon contact with 
tissue being cut are radiantiy heated at an 
increased rate by increased absorption of 
radiation. Other local regions of the cutting 

oO edge not cooled upon contact with tissue 
bemg cut do not exhibit increased absorption 
and therefore do not substantially change in 
ti^ir conversion of radiant energy into heat. 
Thus, as the temperature varies in various 

t>^ regions of facets 16 and the layer 10 disposed 



thereon, the radiation absorption of these 
regions vary inversely to assure increased 
radiation absorption of the cooled regions 
sufficient to maintain the operating tempera- 
ture thereof within the desired operating 70 
range. 

As the layer 10 and cutting edge 17 heat 
up prior to cutting, the layer 10 becomes 
less absorptive and greater amounts of radiant 
flux 5 are reflected from layer 10 or are 75 
transmitted through layer 10 to be internally 
reflected by the reflective coating 8. This 
increases the radiation flux within the material 
such as glass or quartz, of blade 9. Radiation 
scattering centers such as rutile fibers, quartz go 
particle^ may be dispersed through the trans- 
parent region of the blade 9. The increased 
radiation flux in the transparent region of the 
blade 9 is detected by photodetector 30 which 
is connected through a conventional servo- 85 
regulator 31 to d&e power sotirce 20 to 
decrease the power supplied to filament 13. 
The temperature of layer 10 and cutting edge 
17 and facets 16 is thus stabilized within a 
preselected operating range. Converselv, as 90 
portions of the cutting edge 17 and facets 16 
are cooled upon contact with tissue being cut, 
the material of layer 10 in die locally-cooled 
regions increases the absorption of radiant 
flux and decreases the level of flux in the 95 
portion of blade 9 sensed by detector 30, 
and this acts through servo-regulator 31 to 
increase the power supplied by power soiuce 
20 to the filament 13. Where it is desirable 
to maintaui a relatively uniform wavelength 100 
spectrum of radiant energy over the range of 
power dissipation of the cutting instrument, 
the amount of surface area of the filament 13 
heated to a specified temperature may be 
varied, by retracting into the handle, or rotat- 105 
ing within an aperture to var>' the amount 
of radiant flux, rather than varying the tem- 
perature of the filament operating with a 
fixed, exposed area. 

Alternatively, a relatively fixed spectrum no 
can be accomplished by utilizing a filter be- 
tween window 14 and the bkde. Such a 
filter may also be used to narrow the band- 
width of the radiant energy, and thereby 
simplify the selection of absorbing materials 115 
used in layer 10 or, the filament 13 may be 
replaced by the ionized gas column of a gas 
discharge tube which emits radiant energy 
within one or a few characteristically narrow 
spectral lines, and which thus also simplifies 120 
the selection of absorbing materials used in 
layer 10. 

Referring now to Figures 3 and 4, there 
are shown side and end views, respectively, 
of an alternative embodiment of the present 125 
invention in which the radiant source is dis- 
posed remotely from the cutting instrument. 
Fiber optic filaments are aligned in a linear 
array 33 to irradiate the absorbing layer 10. 
A photodeteaor 30 may be disposed within 130 
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handle 11 to detect the levd of radiant 
flux and to produce a control signal «m Kne 
35 m response thereto for conoolline the 
power output from the lonote sourtl 37 
Tfl-^ " Alternatively, selected fiber^ 

m the array 33 can be used to sample raS 
flux at locations along the length of the blade 
^Hn!-""iS"^'^ a photodetecS>r. .diereby » 
produce the requisite power-controlling dL^ 
Also, other optical means such as SSve 

the optical fibers to direct the radianc energy 
^ the remote source into the absorwg 

mcnt tsf the present invention in which the 
material of dic absorbing layers 10^ 10b 

It "k '"'^^'^^^ constant absom^' 

tion characteristic for converting ladiS 
energy mto heat for heating cuttini edrel7 
Mid also serves as an infrared radfaionTurce 
^ose radiaacm spectrum is a measure of its 
temperature. The iUumimting 41a. 43a. eK 
and detecting 41A, 436, etc. fib^ Sg 

"Sfi^^.^^y*^ 1°^' 10*' lOrfetc can 
be gathered into two separate bundles for 

«mrce 47, 49, 51. etc. to iUuminate the radia- 
?S 1^'**'°^ niaterial of each segment 10a, 
l^i ' sepamut detector fo^ 

&£ ^ detecting 

fibw 416, 436, etc., the temperature of each 
^inmt can be independently monitored and 
ftepo^ra^ output of the conresponding radiant 
w«rce can be indqjendendy r^ulated so that o — 

the temperature of each segment alone die 7 „ i. instrument according to claim 

^ edge 17 can be ma^ined w?tL a ^^^^ ^"^^ * ga^dischaige 

pradem: of Ae other segments alon| the cut 
to^edge. Utdizmg diis principle, a rapidly 
teajondm? radiant cniTi./«> j 



the cuttmg edge and electromagnetic radiation 
absorbing means disposed solely adjacent said 
cutting edge for heating die cutting edge. 

2. A cutting instrument according to claim 
1, wherein radiation reflecting means is dis- 
posed on surfaces of die blade to contain 
radiant energy therein. 

3. A cutting instrument according to claim 
1, wherem die radiation absorbing means 
odubits increased absorption in resbonse to 
decrease m temperature over a portion of die 
tempaature range from 300° C. to 1000° C 

4. A cutting instrument according to claini 
'uJT- radiation absorbing means 

exhibits mcreased reflectance of radiation for 
increased temperature over a portion of die 
tempaatuie range from 300° C. to 1000° C 

5. A cutting instrument according to claim 
1, wlieiwn die radiation absorbing means 
erluhits mCTeased transmission of radiation 
tor mcreased temperature over a portion of 
^temperature range from 300° C. to 

1 'L'L*?^!.*'^^™* according to claim 
«;wS^2:-'^^*'°" scattering means is pro- 
Wded wrthm die transparem portion of die 

^ ^'"e instniment according to anv 
of tl^r"^" preceding daims, wherein a source 
of clectromagnenc radiation is coiq>led diroueh 

£ 'i^^ "^^"^ *^ 

8. A cutting instrument according to claim 

J; TJ^^'J' J?"^ °* ^diation includS 
an incandescent filament. 
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J- — * F'^K-'pic, a rapiaiy- 
deteaor may 

Ae^jf^^^^r""^ along 
the lengdi of die cutting edge 17. Furtiier 
a plurality of individual filamlits of titeSS 
piwriously desmb«i widi inference to Figgis 

Lilh ^ ^^^y positioned akmr *e 

lengdi of die cutting edge 17 in okIm- m 
mdependendy ele^ite^ and^e|daS S?Lil- 
peramre of a concspondmg segment, inde- 
SS?.^ tempcramre of an adjacent 

WHAT I CLAIM IS:— 
^ l. A cutting instrument comprising a Made 
'("^V ^^Se and an aperture remote 

from the cutting edge for introducing electro- 
magnetic radiation into die blades die blade 
oemg substantially transparent to the electro- 
magnetic radiation between die aperture and 



source. 

10. A ratting instrument according to daim 
I'l^"^ gas-disdiaige source mdudes 

11. A cutting instrument according to daim 
7, wherem die source of radiation is con- 
nected to die aperture by reflecting mean& 

u. A cutting mstrument according to daim 
7, wherem die source of radiation is con- 
nected to die aperture by optical fibers. 

1' '^^PS instrument according to any 
of die preceding daims, wherein phoforespon- 
ave means is disposed to produce a coAttoi 

Si "tiirS '° ~ 

14. A cunmg instniment according to claim 
13, wherein the source of radiation can receive 
?^^] ^^^^^^S the level II 
radiation produced by die source to maintain 
*e average temperature of die radiation 
ateoibmg means widim a sdected operaSg 
temperature range, ° 
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15. A cutting instrument substantially as ERIC POTTER & CLARKSON, 

hereinbefore descnbed with reference to the 5, Market Way, Broad Street 

accompanying drawings^ Reading, RGl 2BN, Berkshire! 
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